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SUMMARY

,,

,

Tests of 12 wing-fuselage combinations emyloying triangulE& and.
18 employing elliptical fuselages were made in the NACA variable-density
tunnel as a part of a program to investigate at large values ofReynolds
number the aerodynamic effects of wing-fuselage interference. This
program 5.soutlined In NACA Report No. 5M, which contains the test”*
results for 209 combinations, 202 with round and 7 with rectan~ar
fuselages, comprising the basic part of the wing-fuselage interference
investigation.. ..”

,.,

The parameters of combination for the triangular and elliptical
fuselages covered in the investigation were: ,verticalposition of the
wing with respect to the,fuselage axis; wing shape; and wing-fusels@e
Junctme shape. The results hear out the general conclusions ad.~ariced--
in the discussion in NACA Report I?o.~~ and ~rovide data conc&ning
the wing-fuselage interference of,fuselages of triangular andelltp-
tical cross ‘sections: ,.” . .

,,

XNTROMTCTION
,,

An extensive program of tivestigation of the interference between
wing and fuselage yas.underts&n at t@ Iangley Memorial Aeronautical
Laboratory as part of a general investigation designed to cover the
problem of aerodynamic interference. This program is outlined in ref-
erence 1; which presents the,initial and basic part of the wing-fuselage
interference’investigationand contains test results for 209 combina-

● tions, 202 with round and 7 with rectangular fuselages. The discussion
therein is fundamental in nature and may be used in the generel inter-
pretation of the interference effects of wing-fuselage combinations..

%his reyort is a revised vereion of a paper that wa~ originally issued
in confidential form in June 19’37.
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A continuation of the investigation is treated in reference 2
comprising combinations nwnbered..2U3W 237, of With 20 have
~ectangular fuselages end 8 have round. The tests of reference 2
~ractically completed the study of ccznhinations with a rectangular
fuselage end continued the study of combinations with a round fuselage.

The prlnciyal object of this report is to yresent the test
results for combinations numbered 238 to 267i 12 combinations with
triangular fuselages and 18withelliptloal, The various combinations

qe chosen to cover generally the interference%etween wing ad
R_.-, selage for triangular and elliptical fuselages as affected by the
more important of the parameters of combination.

The models were formed of the triangular and elliptical fuselages
shown in figure”l and the wing models described in reference 1,
n~el.y, the rectangular ~- by 30-inch NACA dO12 and kk12.airfoils and
the NACA 0018=09 airfoil of 2:1 tqer ratib. The two fuselages had
the same nose shape, length, maximum cross-sectional area; and longi-
tudinal distribution of cross-sectional area as the round fuselage
of reference 10

The models were of duralumin, except for the brass cowled engine
(described in reference 1) and for the junctures and fillets, which
were carefully formed of plaster of paris as required. They differed
fra the combination models described in references 1 ana 2 in that
the fuselages, flunctures,and filleim were in each instance finished
with a rubbed and polished varnished surface. C!cmparisontests of’
combinations both with the old smooth plaster surfaces and sub-
sequently with the new polished varnished surfaces indicated that the
effects upon the measured aerodynamic characteristics are well within
the experimental accuracy except when flow conditions are critical.
That is to say, the early flow breakdown at the @nctures associated
with critical combinations could be somewhat delayed by the improved
finish. CcanpariSon6,therefore, between combinations in this report
and those in references 1 end 2 (such as shown in figs. 7 to 9)
should be made with this fact in mind.

!Ihetests comprised the following: 12 combinations of the
triangular fuselage with the rectemgular NACA 0012 airfoil, both without
end with fillets, in various vertical positions for both the fuselage
erect (apex up) and inverted conditions, and 18 combinations of the
elliptical fuselage with different wing~, both without and with fillets,

b
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for the major axis of the section both erect and horizontal, for
various vertical Qositions of the wing, end with a cowled engine at
the fuselage nose. (See ta%le 111 and.figs. 11 to 16.) Tine only wing
fore-and-aft posfitionco~~sideredwas with the wing quarter-chord petit
at tha fus61~e quarter point. Zero wing incidence only was employed-

These tmsts were yerformea in the NACA mriable-dansity tunnal

[
reference 3) at a test Reynolds nmber of a~roximately 3)100jOO@W
efi’ectj.mR = 3:2001000). (See reference 1.) In adc?~tion,values of

maximum lift were obtained at a teet Reynolas nrnkmr of approximately
1,400,000 (effective = 3,’700,000). ‘Ihetesting proced.ureand test
precision, which are very much the seineaS fm an ~rfoil, are f~~
riescribedin reference 1. As”mentioned.in i’efarence2, however, since
the tests of ret’arencs1 were made, a small additional correction of
less than -1 yerc.enthas been appli.c~to the measuzzementof the @mmic
pressme q to improve t!heprecision of the results.

F~SULTS ..—
s

The test aata are given in th9 fmme manner as those of reference 1,
in which the methods of analysis and of prasentatztonof tie results-are
fully discussed. As in tie preceding reports of this serias, the teSt
remi’ts are given in tahlas snyplernentedby figurea~ Table X, taken
from reference 1, contains the characteri6%ics of’the wings alone.
Table IZ, which is a continuation o? table 111 in reference 2, presents
the mms of the fuselaga characteristics and the interferences at
various angles of attack for each of the ccmbinaticms testad- The
characteristics of the combinations can be determined by adding corre-
sponding items in tables I and 11.

‘lkbleII of reference 1, which presents the aerodynamic charac-

teristics of the fu=elagcs alone, is not continued herein because
1 ~~~such aata for the triangular and elliptical fuselages were not obtained.

Table IV of reference 1, which presents data for CLisconnactadcombi-
nations, is lillewisenot continued since no additional combinations
of this type were inve8tigat6E1.

Table 111, which is a ccmtinuatton of table V in reference 2,
contains the profile diagrams, the combination ascriptions, ad the
principal aerodynamic characteristic of the ccmhinations. The values
d/c and k/c represent the longitudinal and vertical displacement,
respectively, of the win~ quarter-chortlaxis measured (inmeen wing-
chord lengths) positive ahead of ana above tha quarter-chord point of’
the fuselaCe. me last nine cohnmas of table XII prasent important
characteristics as standard nondimensional coefficients basad m the
original wing areas of In squeza @ches. S~mbols uses in the

8
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tables are defined as follows:

aspect ratio

lift-curve dlope (in degree measure) as determined in low-
coefflcient range for an effective aspect ratio off6.86
(This value o~ the aspect ratio cliffere from the actual
value of the models because the lift results em not
othcmwiee correcte~ for tunnel-wall interference.)

Oswald’s a+&plene or span efficiency faotor (see reference 1)

minhmxn effective profile-tiau &oefficien%
, . ..

()Cf
CD-=

min

optimum lift coefficient, that 1s, lift coefficient
corresponding to ~

%lin

aerc&nx3mic-centerQositicm indicating approximate locaticm
of’acm?odynmic center ahead of wing quarter-chord axis
as fraction of mean wing chord (IWmericel.ly,~ equals

“mc,/4/dcL at zero lift)

pitching-moment coefficient at zero lift about wing quartor-
chord .3XiS

lift coefficient at interference burble, that is, value
of lift coefficient %eyond which air-flow has a tentmncy
to break down as indicatedby abnormel increase in drag

maximum lift coefticimt given for two dif~erent values of
effective Reynolds number (see re;ercmce. 1)

angle of attack, degrees

The turbulence factor .e~lO~ea in this report to obtain the
effective Reynolds n~mber Trcm the test Reynolds number is 2,64. As
in reference 2, the values of the effective Wynolde nmnber differ
somewhat from those given in reference 1 because of a more accurate
determination of the turbulence factcm for the tunnel. ~G values of

,

m ,



the effective Reynolds numbers given in reference 1 are, therefore,
subject to correction by a factor of 1.1.

Figures 2 to 10 present the polar characteristics of practically
all of the combinations investigated. In some instances, those of
several conjbtiationstaken from references 1 and 2 are also shown
for comparison. These figures show the effects of tie various
parameters or combination: vertical wing position, fillets, wing
shape, and fuselage shape-

.

Msz& of the combinations tested showed.more than one lift-curve
peak. Although the CDe polars cannot show these interesting

portions because of the very high values of the associated drags,
the character of these lift peaks canbe interpreted.from the

.-

pitchingacment curves.

DLWUSSION

. The mechanism of the interference of a fuselage when in comb-
inationW5.tha wing is discussed in reference 1, end all the test
results of.the present investigation azzein accord with the general-

,. izations given therein.

Combinations with erect trianql _arfuselage.- The triangular
fuselage was combined only with the~ectangular NACA 0012 airfoil, a
wingwhose sensitivity to flow conditias renders it eminently
suitable td indicate aerodynamic interference. In figure 2 are
shown the polars for the erect triangular-fuselage combinations,
with the wing iridifferent typicsl vertical posit~ons, both without
qxi with orainary tapered fillets. Changing the vertical yosition
has a marked effect, both the mizdmum drag and the maxtium lift in-
creasing as the wing is moved upward.with respect to the fuselage.
(See table III.) Adding fill.etscauses a sma12 decrease in the
minimum drag of only the mid.wingcabinaticm and has also a small
effect on the maximum lift, decreasingly beneficial as the wing
position is raised.

Combinations witi inverted trianmlar fusel%e. - When the
fuselage is inverted (fig. 3),the +imvm drag andmax5mum lift both
increase as the wing is moved downward with respect to the fuselage.
(See table ZZI.) The effect on the maximum lift of adding fillets
is of the sane nature as for the ccmb~tions witi the erect fuse-
lage but, with respect to tie maxhnm lift, is greater h magnitude.
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In all these instences, for either the erect or inverted
triangular fuselages”,it appears mat tip

,
ma@mum lift is $fected

more by the amount of wing leading edge expot3edthem by whether ‘tie
combination is high wing or low wing. This conclusion is not to
be considered genOyal.. Were the tapered NACA 00@ -09 wing used instead,
it is quite possible that the effect”o~-ver%ic~ potiitionupon thb-
maximum lift would be opposite to that for the rectangular NAM 001.2air-
foil.” (See referegce 1,)

Combinations with erect-ellip~al fuselwe.- The effects of
chang~ the vertical ~ositim of the wing relative to the olliytica~
fuselage axis as shown in figum Itare easily predictable from tho
results of rOlerence 1. The interference burlle occus etilier as
the wing ~osition is moved downward. The midwing combination (with
the rectangular “NACA0012 airfoil) has &m lowest-dra~ and maximum
lift ● The hi@-wing ccmbtnation has the highest maximun llft.

Results obtained in connection with the progrm of investigation
of wing-fuselage interference have proved that the use of special
fillets may entirely eliminate the interference burble. Hence, any
discussion of this flow ln’eakdownis to be considered only for what
light it sheds upon the mechanism of aerodynamic interference. I?s
the evaluation, therefore, of the relative desirability of the vsrlous
combinations, too much consideration should not be given to the
interference burble and Its effect on the maximum lki?t.

Ordinary tapered fillets on the midwing combinatim axe known
to be ineffective frcm the results of reference 1 and honco were not
investigated. When added to the high-wing combinatiogj tho fillets
have very little effect but, for the low-wing combination, they
delay the onset of the &he~ference lnzrbleto maxlnnnnlift and
considerably increase the maximum Uft (fia~ 5, ~~le HZ)* me sue
combinations with the tapered NACA 0018-09 w%! sv-~sti~~~d for ~0
rectangular NACA 0012 airfoil display interference effects (table III)
identical with those for the corresponding cmibinatiom with tie round
fuselage (combinations185, 186, 187, 23o, 231, 234 of references
lena 2): Fillets have little effect on the midwlng or high-wing
combinations for which values of maximumMft me him and n@@-Y
equal, lmatfor the low-wing combination they delay the early tnt-er-

ference lxrrbleand raise the maximnn lift ta the neighborhood of the
others.

Different wing shapes cmnbined with the elliptical fuselage
in the midwing position show the interference effect-sthat would
be predicted (fi~. 6). The cambered section end the thick symmetrical.
sections of the tapered y- are less sensitive ~ the yresence of
the fuselage than the moderately’thick symmetrical NACA CXX.2airfoil
section.

v ‘–

,
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A cowled radial en@ne at the nose has similar effects on the
aerodynamic cheracteristtcs of both the elliptical-fuselage combi-
nation and the corresponding roun&-fuselage coniblnati.on(fig. 7).
The drag increment due to the cowled engine is, however, decidedly
greater for the elliptical-fuselage combfiatfon, the aaaed drag
probably being causea by the poorer cowling shape produces by the
elliptical fuselage.

Results also exe giV’enfn table III, as smatter of interest,
for a tia~ elliptical-fuselage combination with the taperea wing
having added a 0.20c split flap deflectd 69° (combinatim 259).

Combinations wtth horizontal elliptical fuselage.-.—. —.— — In very large
airplanes the required.fuselage depth may become a small aimension as
compared with the other dimensions. The elliptical fuselage with its
sectional major axis horizontal serve~ to simulate such a conditior.
llhencombineswith the rectangular NACA 001.2a~foil in the mlawing
position, the horizontally disyoseclelliptical.fuselage eihibits
approximately the same effects as the round fuselage (table 111, ref-
erence 1). The addition of fillets has a beneficial effect upon the
occurrence of the interference burble and the value of maximum lift.
(See fig. 10.) 1%s substitution of the tapered I?ACA0018-09 whg
results in a combination having improved characteristics. Enlarging
the fillets to very large sizes slightly increases both the lift and.
&agj as would be expectetl.

Effect of fuselaqe shape.- In figures 8 end9 sre summarized the
effects of fuselage shape for the six iiifferentfusela~es investi~ated
combined with the sensitive rectangular NACA 0012 airfoil. The two
types of wfng-fuselage combination, midwing and low wing, that show
markedly the effects of the presence of the fuselage, are used for
illustration.

The mid.wingcombinations have approximately the same values of
minimum drag, that for the round-fuselage combination %eing the lowest
by a slight amount. The combinations ~~ +Jleround ~d the ~~er~a
triangular fuselages show the earnest interference burhles~ and those
with the rectangular and the erect triangular fuselages show the latest.
The values of maximum lift, however, are approximately the same for
the combinations with the round, elliptical, and inverted triangular
fuselages (tabl~ 11X) en& ere lower then for the erect triangular-
fuselage and rectaqyil-ar-fuselagecombinations.

.
The low-wing combinations (fig. 9) haye also approximately the

same values of minimum chag, that for the erect triangular-f’uselage
. combination being the lowest hy a slight amount. The interference

burbles are not so sharply defined as for the miawing conibinations
ana are spread, for the Ufferent combinations, over a Wiser range of
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lift coefficient.
occurrence of the

The rectangular
burble.

EACA ~ ~0. ~n

fuselage still_shaws the latest

CONCLUDING REMAXKS

The main value of the SU%ject report

.

,

113 in th9 data it makes

available for wing-f’uselagbcombination% wtth tiletriangular and
elliptical fusel~e shapes. Very little In the way of mw con-

#

clueions of a general nature qm dedvctbie. Tretious to this investi-
Cationj the occurrence of nom than one lift-curve.peak was””not bro~t
out, but since hae ‘beenstv.diedin &eater detail throv@ tie use of
imyroved ‘balances. The multiple Teaks occur wherionly a pcmtim of the
lif’ttigsystem deffnitely stalls at a rtormillyhigh llft coofficient,
the rest of the Bystem stalllng some tie later. ‘IhiEicharacteristi.o
shows on the figures in the curves of yitch~~ moment. The drag curves
are usually not,extmded to Bufficiently high values to encompaos more
than one yeelc. One fairly irqortail;conclusion reachefiduring tie
course of testing in this investi~ation, althG@ not illustrated in
the preaen% results, is the.importance of unusually smooth surfaces

.

at the junctures of critical combl.na%ionsas regards tho stall.-.
Thie conclusion was to be expected,

.
howgver: fron the resullm of air-

foil tests alone.
.

Langley Memorial Aeronautical Laboratory
National Advisory Commfttee for Aeronautics

_ey Field, Va., (!ctolmr16,@+-6
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[TELlmnfrau reference 1]

Mrfoil
% CDe c%/4 ~ cDe c%/4 CL cDe ~c/4

o~.o US40 a.~”

Rectengula NNX 0012 0.000 0 .Com 0.000 O.m o.Coq 0.003 0.$E!O 0.0150 0.004

hpered WA 0018-09 .Ooo .0093 .Olx) ●35 ●W .006 .glo .0146 .013

.a=-4° ~E@ U= P

Rectmgular E.4CA&12 -O.CQ6 O.(x)g -o.o@ os298 o .W .0.Oq 0.$39 0.0136

NATIONAL ADVISORY

COMMITTEE FOQ AERONAUTICS
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TABIJE II

LImhNDrmEmlmmoE, mm mmRFEmNcE, Am HycHIm MMEm?

AND mmRFEmNoE OF FmEIAGE n wIm3-R’mEIAGE coMBmmm

[Continuationof able IIIIn referenoe2]

Ccmlbl-
Ilation % ‘De ‘%/4 ‘L ‘% ‘~o/4 ‘L ~De” ~o/4

auo” a+h” ~.uo

238 0.005 0.0047~0.004 0.019 0.0054 0.OI.2 0.028 0.ou75 0.024
239 .030 ,0044 .001 .053 .0048 .006 .068 .0076 .03.2
240 .(x)8 .0041 .002 .029 ;$8 .010 .067 .0065 .018
Q41 .0b4 .0036 .Ooo .029 *W ,071 ●@33 .018
242 .008 ,0038 -.W2 .029 .0041 .00a .054 .0059 .017
243 -.003 .003

&
.001 .021 .C042 .006 .066 .0052 .OI.2

244 -.008 .003 .002 .013 .0041 .012 .036 .ook7 .027
245 !003 .0037 -.001 .021 .0041 ;00: .056 .0051 .019
246 -.0b8 .0041 -●002 .009 .0045 .026 .0059 .021
247 -.004 .cm36 ●000 .010 .0Q41 .007 .045 .0049 .019
248 -,005 .0(247-.004 -.005 .0052 .002 -.042 .o@. .010
249 -.030 .0044 -.oQ1 -.018 .0049 .004 -.@39 .cm34 .00!5
250 -.015 .0043 ..005 -.010 mom .009 .003 .oo@ .018
251 .020 .ook7 .000 .031 .0034 .000 .055 .0066 .002
252 .009 .c038 -.001 .025 .0Q43 .002 .ok7 .0046 .006
253 .015 .CQ43 -.005 .031 .0051 -.001 -.020, .0245 -.007
254 -.020 .0047 .CKlo .003 .0049 -.003 .023 .0056 -.008
255 -.028 .0037 .009 -.023 .0040 .011 --.018 .(X)53 .019
256 .001 .0038 -ml .012 .0043 -.001 .025 .0070 .002
257 .03.0 .oo31 -.c02 .023 .0032 .cKm .047 .0047 .005
258 .020 .0029 -.00I. .04 .0031 -.001 .062 .ook4 .002
259 .973 .1264 -.200 .976 .1261 -.2J.I. .965 .12@ -.220
260 .028 .0037 -.009 .035 .0045 -.007 .022 .0079 -.Ooe
261 “.001 .0038 .001 ●015 .0o42 .c03 .015 .0058 -.002

a = -4° aEoo GU80

262 -0.017 0.0044 -0.011 0.002 0.0041 -0.002 0.031 0.0042 ‘0.030

a=o o a U,4° 0a=~

263 0.006 0.0071 -o.col 0.028 0.008? 0.008 0.064 0.0155 0●015
264 “w .0038 .000 .030 .0038 .009 .067 00051 .023
265 .004 .0038 .Ooo .031 .0039 .006 .083 .0047 .015
266 .027 .0019 -.003 .047 .0019 .005 .083 .0038 .019
267 .020 .0027 -.006 .051 .0029 .(X)5 .103 .0053 .020

NATIONAL ADVISORY
COMMITTEE FORAERONAUTICS
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Figure 2.- Characteristics for various vertical wing positions.
Itectangular NACA 0012 airfoil and erect triangular fuselage,
both without and with fillets.
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mgure 3.- Characteristics for various vertical wing positions.
Rectangular NACA 0012 airfoil and hwerted triangular
fuselage, both without and with fillets.
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mgure 4.- Character@tics for various vertical wing positions.
Rectangular NACA 0012 airfoil and erect elliptical fuselage.
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NACA TN No. 1272 Fig.5
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Figure5.- Effect of normal tapered fillets on the characteristics
of combinations with the erect elliptical fuselage. Rectangular
NACA 0012 airfoil.



Fig. 6 NACA TN No. 1272
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FYgure6.- Characteristics for various wing shapes. Erect
elliptical fuselage, midwing position.
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NACA TN No. 1272 Fig. 7

Combinut[on,133--;- +

1

,

//0 /’

-+“.> “

COMMITTEE m AERONAUTICS
-

TZ O .2 .4 .6 .8 lo ~~ ~“4 16
Lift coefficie.n<C. c

E@ure 7.- Effects of adding a cowled engine and fillets upon
the characteristics of a combination with the erect
elliptical fuselage. MidWing position.



Fig. 8 NACA TN No. 1272
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. ?Z@re 8.- Characteristics for various fuselage shapes.
Rectangukr NACA 0012 airfoil. Midwing. position.
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NACA TN No. 1272 Fig. 9
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Figure9.- Characteristics for various fuselage shapes.
wcbngular NACA 0012 ah.’fofi. Imw-whg position.
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Fig. 10 NACA TN No. 1272
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Figure” 10. - Characteristics for various combinations with
the horizontal elliptical fuselage.
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NACA TN No. 1272 Figs. 11,12

i=?=+g:=?”~<s:+:”:”:--,-,.;.:::;.”.:-;:;,

—

.. .... .. .’ -----

m-—— .-,. +, ._
~-;- ,..
~=__.. -. . . .. _ -

.-.= .. .-..—-
—.!. ~-. . .- ,. ..:7, – ., -

.—. -,.

“-----

. . . . . . -.- . .=-+----- ---- ..-’ .— -

Figure 11. - Combination 239 (combination 249 inverted).
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Figure 12.- Combination 243 (combination 245 inverted).
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14. - Combtition 261 (combtition 256 inverted).
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Figure 15. - CombinaUons 258, 263, 265.
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